Abstract. In this study, the seasonal succession of the diatoms on Phragmites australis community was investigated in Lake Mogan (Turkey), and the epiphytic diatom community was used to estimate the ecological condition of the lake. Five stations were chosen in the littoral region of the lake, and diatom samples were taken from the P. australis monthly between January and November 2013. Two stations were selected in the pelagial region and chlorophyll a concentrations were determined. Lake water temperature, pH, dissolved oxygen concentration, conductivity and Secchi depths were measured, and total nitrogen, total phosphorus and silicate were analyzed. A total of 61 epiphytic diatom species were identified in Lake Mogan. The dominant species were those with tolerance to α-β mesosaprobic conditions. According to the mean Secchi depth, chlorophyll and total phosphorus concentrations, the lake was eutrophic. The IDG, IPS, DESCY, WAT, IDP and TDI indices, calculated according to epiphytic diatoms, indicated an ecological quality between medium and poor (classes III-IV). Among them, IDG and IPS are recommended for monitoring of ecological status in the lake because these indices also integrated all diatom taxa within the samples. The occurrence of pollution-tolerant species and the fact that most indices showed an ecological quality of medium or poor indicated an increase of organic matter and eutrophication in Lake Mogan.
Introduction
The most widespread algae, diatoms, can be found in all water resources, from small streams to sea, and from clean to polluted water. Diatoms include many different forms and can be found on all types of substrates; and they can easily be sampled in great numbers from small surfaces in aqueous environments. They can also be sampled from artificial surfaces, so that their rapid response to changes in water quality, together with a fast access to results by means of diatom indices, make them advantageous for use in monitoring water quality. Among their disadvantages are the need for taxonomic knowledge in identifying them, and the difficulty in separating dead and live cells. Diatoms have been used as an indicator of water quality since 1949, and for this reason many species have been classified according to their tolerance and sensitivity to pollution. The cells do not break up easily because they contain silica, and are indicators of long term as well as short term changes (Cox, 1991; Round, 1991; Smol and Stoermer, 2010) . Diatoms are particularly used as indicators of pH, conductivity, salinity and trophic level (Cox, 1991) .
The Water Framework Directive, adopted by and implemented in the European Union in the year 2000, classifies water resources by their ecological qualities and aims to bring water to a good ecological quality. Phytobenthos, according to Water Framework Directive, is one of the indicators used to determine the ecological quality of standing and flowing waters (Anonymous, 2000) . The use of epiphytic diatoms, which are a component of lake phytobenthos, is important to estimate the ecological quality of shallow lakes.
Because diatoms form a large proportion (90-95%) of benthic habitats of water ecosystems, they have become an important part of water quality monitoring studies (Ács et al., 2004) . The occurrence of a particular diatom species in different bodies of water, from clean to polluted waters, enables the use of indices of diatom variety. Diatom indices are based on tolerance and/or sensivity of taxa (genus or species) and allow the assessment of water quality using the structure of diatom communities.
Although there have been many studies of the use of diatoms in determining water quality and/or ecological quality in flowing water (Atıcı, 1997 Demir et al., (2014) researched the possibility of using Q index in assessing the ecological quality class of Lake Mogan. Estimates of the ecological quality made in connection with phytoplankton community structure in the lake were compared with the nutrient status. The results showed that Q index could be used in monitoring ecological quality in Lake Mogan. It is a shallow lake surrounded by a belt of reed Phragmites australis (Cavanilles) Trinius et Steudel on its shores. According to King et al., (2006) , P. australis is recommended as an ideal plant for sampling epiphytic diatoms when determining ecological quality in lakes.
The aim of the present study was to determine the ecological quality of Lake Mogan, which is an important example of a shallow lake under anthropogenic pressure, using epiphytic diatoms found on Phragmites australis, and to determine the diatom composition in the lake.
Materials and Methods

Study Site
Lake Mogan is situated in Sakarya Basin, 20 km south of Ankara in Turkey, between 39˚44'45" and 39˚47'45" north, 32˚46'30" and 32˚49 '30" Because they have ecological and recreational importance, the wetland-marsh areas around Lakes Mogan and Eymir have been designated as the Gölbaşı Special Environmental Protection Area (Anonymous, 2015) . Lake has been heavily influenced by human actions ranging from agricultural and domestic to semi-industrial pollution sources. The lake under the pression of anthropogenic pollution due to the external phosphorus load resulting from detergents in waste water effluents and fertilizers in agricultural run-off from nearby areas (Fakıoğlu and Pulatsü, 2005; Topçu and Pulatsü, 2017) .
Analysis
In this study, samples were taken once a month from Lake Mogan between January and November 2013. Samples of water and epiphytic diatoms were taken at five stations chosen in the littoral region of the lake (stations 1, 2, 3, 4 and 5), and other water samples were taken at two stations in the pelagial region (stations 7 selected at the deepest point of the lake and station 6 close to the entry) in order to determine the concentration of chlorophyll a (Figure 1 ). In December, samples could not be taken because the lake was frozen. Two independent parallel water samples were collected from below the lake surface with a 2 l Ruttner water sampler. At each station in the littoral region, five reeds (Phragmites australis (Cavanilles) Trinius et Steudel) were collected, and 20-cm sections were taken from below the water surface (King et al., 2006) . The sections of reeds were placed in a container and agitated with 70% ethanol to separate the epiphytic algae from the plants and to bring them to a homogeneous state (TS EN 15708, 2010). The diatoms were treated with H 2 O 2 to remove organic material, and triplicate stable preparations were made using Naphrax (CEN, 2004) .
Identification of the diatoms was performed by measuring them with an imaging system using a Leica DFC295 camera and the LAS vs 4.8 program, and referring to the relevant taxonomic literature (Krammer and Lange-Bertalot, 1985 , 1986 , 1988 , 1991a , 1991b Cox, 1996 ; Lange-Bertalot, 2013). Also, all of the taxonomic data was updated in accordance with algae databases (Guiry and Guiry, 2018) . Triplicate preparats were counted for each station. At least 400 cells were counted in each preparat, and SLA, DESCY, IDSE, SHE, TDI, CEE, IPS, IBD, IDAP, EPI-D, DI-CH, IDP, SID, TID, WAT, %PT, IDG, LOBO and TDIL diatom indices were calculated using the OMNIDIA vs 6.06 package (Lecointe et al., 1993) . Most of the indices are modified from the weighted average equation of Zelinka and Marvan's index (Bellinger and Sigee, 2010) . In addition, ecological characteristics were determined according to Denys (1991) , Håkansson (1993) , Hofmann (1994) and Van Dam et al., (1994) . In the chlorophyll a analysis, spectrophotometric method was used. Dublicate water samples of 500 ml taken from below the surface at two stations were filtered with Whatman GF/C filter paper and extracted with acetone, after which the optical density of the extract was read on a spectrophotometer (Shimadzu UV 1240) at wavelengths of 630, 645 and 665 nm (Strickland and Parsons, 1972 ; APHA, 1998).
Measurements were made at the stations of Secchi depth using a 20 cm diameter Secchi disc, of dissolved oxygen, pH and electrical conductivity, using a YSI ProPlus Multiparameter. Total phosphorus, total nitrogen and silica were analyzed by standard methods (APHA, 1998).
Statistical analyses
The monthly and station-to-station variations in water temperature, Secchi depth, dissolved oxygen, pH, electrical conductivity, total phosphorus, total nitrogen and silicate values in Lake Mogan were analysed using a one-way variance analysis (ANOVA). In addition, the correlations between diatom indices and physico-chemical parameters were examined with Spearman correlation analysis using SPSS vs17 package. All statistical calculations and checks were conducted according to Kesici and Kocabaş (2007) .
Results
The monthly variations in water temperature, Secchi depth, dissolved oxygen, pH, EC, total nitrogen and silicate in the lake were found to be significant (p<0.05), but the variations in these parameters between stations were found not to have statistical significance. An evaluation was made according to the average of the results of the monthly measurements in the lake and according to the Surface Water Quality Directive and trophic status criteria (Anonymous, 2016) ( Table 1) . In the samples taken from Lake Mogan, 58 species from the class Bacillariophyceae were identified, two species from Coscinodiscophyceae, and one from Mediophyceae, totaling 61 species. The composition of the species of diatoms in the lake is given in Table 2 .
It was found that Achnanthidium minutissimum, Navicula cryptonella, Ulnaria acus, Encyonopsis microcephala, Rhopalodia gibba and Nitzschia dissipata were dominant in the epiphytic diatom community of the lake. When percentage distribution of the epiphytic diatom species was considered, it was found that A. minutissimum was predominant with an average of 17%, followed by N. cryptonella with 8.5% and U. acus with 7.3% ( Table 2) . Table 3 shows the ecological evaluation of the diatom community in Lake Mogan. The diatom community in the lake was classified by its pH as alkaliphilic. Oxygen requirement was found to be high. There was a slight salinity, and in terms of nitrogen uptake, autotrophic nitrogen tolerance was found. The saprobity level was estimated as β-mesosaprobic and α-β mesosaprobic. The trophic condition was found to be eutrophic, as having numerous eutrophication-tolerant species ( Results were made of the variations by station of diatom indices in Lake Mogan ( Table 4 ). In calculation of diatom indices, 100% of the species identified were used for IDG, 97-100% for IPS, 88-96% for EPI-D, 81-89% for IBD, 76-85% for TDI, 64-67 % for TDIL, 74-85% for TID, 70-83% for CEE, 63-73% for SID, 61-73% for IDSE, 60-73% for SLA, 58-70% for SHE, 53-67% for DI-CH, 44-57% for IDP, 38-50% for DESCY, 35-51% for LOBO, 27-43% for IDAP, and 20-33% for WAT. The correlation between diatom indices and the physical and chemical parameters measured in the lake was examined, and it was found that most of the diatom indices were correlated with the physical and chemical parameters ( 
Discussion
In this study on Lake Mogan, the ecological quality of the lake was estimated in relation to epiphytic diatoms and various parameters of water quality. Considering the composition of species identified in the study, it was found that most were alkaliphilic species with high oxygen requirements according to Håkansson (1993) and Van Dam et al. (1994) . This is supported by the pH and oxygen values of the lake. The saprobity level was estimated as β-mesosaprobic according to Van Dam et al. (1994) , and α-β mesosaprobic according to Hofmann (1994) . In addition, it was found to contain fresh and saltwater species which prefer water rich in electrolytes. Most species were found in β-mesosaprobic and α-mesosaprobic environments in terms of organic pollution, and in terms of trophic level, most species were eutrophic and organic pollution tolerant. The trophic condition was found to be eutrophic according to Van Dam et al. (1994) , and according to Hofmann (1994) as having numerous eutrophication-tolerant species.
The mean IBD, EPI-D, DI-CH, SID, CEE, IDAP and IDSE indices calculated according to the epiphytic diatoms identified in the lake indicated that the water quality of the lake was in class II, and the mean TID index showed a water quality of class II-III. Lake Mogan showed class III (α-mesosaprobic) water quality according to WAT index. Values of 3 and 4 according to DESCY index and of 1.5 and 2.0 according to IDP index indicated medium nutrient-rich waters (Descy, 1979; Gómez and Licursi, 2001 ). Averages of 3.81 for DESCY index and 1.63 for IDP index were estimated. IDG, IPS, IDP, WAT, DESCY and TDI indices calculated according to epiphytic diatoms indicated class III water quality. According to these values, Lake Mogan is in class III of water quality (critic level pollution and eutrophication). TDIL, developed with the investigation of epiphytic diatoms on P. australis in shallow lakes in Hungary, was applied in Lake Mogan, and the proportion of the species used in the index was found to be 64-67%. The indices used in different countries have been developed for water sources in different typologies. It was determined that the greatest number of species was used by IDG. This is because in this index, taxonomy is at the genus level, and this greatly eases its application to many bodies of water. According to chlorophyll a and total phosphorus concentration, Lake Mogan is eutrophic. The occurrence of eutrophic and pollution-tolerant species and ecological quality varying from medium to poor on most indices indicated an increase in organic material and eutrophication in Lake Mogan.
According to SLA and SHE indices, Lake Mogan showed class I water quality, while according to the average LOBO index, the lake showed class V water quality. The results of SLA, SHE and LOBO index were not in accordance with water quality parameters and other diatom indices. Therefore, SLA, SHE and LOBO indices are not suitable for use in future water quality monitoring studies in Lake Mogan.
According to the results obtained in this study, it could be said that IDG, IPS, IDP, DESCY, WAT and TDI indices reflected water quality of lake. Various researchers have shown that diatom indices calculated with diatom compositions found in the littoral regions of lakes can be used to reflect their trophic conditions. Blanco et al. (2004) monitored the water quality of six lakes in Spain, and reported that there was a significant correlation between the total nitrogen concentration and IBD and IPS indices, and that this correlation was lower than with phosphorus concentration. Acs Reservoir, and reported that the water quality of the lake was mesotrophic. A significant correlation was found in this study between total phosphorus and total nitrogen concentrations and WAT index. In studies conducted in Turkey on epilithic diatoms in running water, Solak et al. (2007) reported that in Muğla-Akçay (Great Meander river) SLA, DESCY, IDP, LMA, WAT, CEE and IDAP indices showed high correlation with chemical variables. Solak (2009) , working on Felent river in Kütahya, and Akbulut et al., (2010) on Kızılırmak river, found that IDAP, WAT, CEE and IPS indices had the highest correlations with physical and chemical parameters. calculated EPI-D, SID, TDI and IDP indices in Akarçay river in Afyonkarahisar, and reported that these four indices, used in Akarçay and sensitive to organic pollution, could be successfully used in evaluating water quality in running waters in Turkey. Gün (2011) , used SLA, DESCY, IDSE, SHE, TDI, GENRE, IPS, IBD, EPI-D, DI-CH, IDP, SID and TID indices in the Değirmendere river. It was concluded that the indices which showed the most deviation from physical and chemical parameters were TDI and DESCY. Tokatlı (2012) reported the water quality of the Upper Basin of the Gürleyik river as meso-eutrophic according to TDI index, and as mesotrophic according to IBD index.
In Turkey, apart from a study by Tokatlı (2013) to determine the water quality of Porsuk Reservoir using Trophic Diatom Index (TDI), no study was found monitoring the water quality of a lake using diatom indices. As a result, IDG and IPS are the most suitable for use in future studies of Lake Mogan. IDG, IPS, IDP, DESCY, WAT and TDI indices reflected water quality of lake but IDG and IPS also integrated all diatom taxa within the samples.
Conclusion
In conclusion, epiphytic diatoms can be used to monitor ecological quality in shallow lakes such as Lake Mogan, which are rich in aquatic macrophytes and surrounded by reed belts. Lake Mogan is an important example of a shallow lake which is under threat from pollution even though it has a protected status. Biological monitoring studies must continue concerning the sustainable use of the lake, and steps must be taken to prevent its pollution. It is predicted that the research conducted will contribute to the pool of knowledge for the protection and restoration of the lake.
